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Abstract
This study was performed to analyze the relationship among sebum․hydration content of the skin and nutritional intake, serum antioxidant minerals
and antioxidant enzymes, and lipid peroxide concentration in 50 female subjects in their 20s. The skin type was divided into Dry Skin, Mixed 
Skin, and Oily Skin, and the dry skin group was 14%, the mixed skin group was 56%, and the oily skin group was 30% of all subjects. The
average age of the subjects was 20.54 ± 1.43 years and BMI was 20.66. The average sebum content in each group was in the order of T-zone＞forehead＞chin＞
cheek. In case of the T-zone, a significant difference between the dry skin group and the oily skin group was observed, suggesting that the area
is most sensitive to sebum content by skin type. Significant differences were not observed in energy and nutrient intakes by skin type. Serum
concentrations of antioxidant minerals such as copper, manganese, zinc and selenium were not significantly different among the groups, but the
dry skin group tended to be higher than the oily skin group. Serum catalase was significantly higher in the oily skin group (P < 0.05), and MDA
was significantly higher in the mixed skin group (P< 0.05). The hydration of the cheek and serum zinc showed a negative correlation, and the
sebum content of the cheek and GPx showed a significant negative correlation. The hydration of the forehead and serum copper showed a significant
negative correlation, and the hydration of the forehead and GPx showed a significant positive correlation. The hydration of the chin and serum
SOD showed a significant positive correlation. With these results, it is considered that the basic condition of nutritional status can affect the skin
health. 
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Introduction7)
The skin protects the body from mechanical damage, microbial 
invasion, and radiation or UV light, as a barrier between the 
internal part of the body and the external environment. Thus, 
the skin plays an important role in the maintenance of 
homeostasis of the body by minimizing the moisture loss and 
regulating the temperature [1]. Also, the skin is the outermost 
protective layer of the body which is continuously exposed to 
external stimulants such as environmental pollutants or ozone, 
radiation, UV light, and thus has been greatly under stress due 
to oxidative damages. Reactive oxygens aggressive to the cells 
are continuously produced in the body while the life goes on 
and they become the main culprit of the cell aging [2,3]. 
Therefore, the roles of antioxidant for preventing the oxidation 
of skin cells have been concerned to maintain healthy and 
beautiful skin [4], and the development of products mainly 
applicable on the skin has been highlighted [5]. 
In the past, skin care and health management was treated by 
emphasizing skin troubles but in the present, the preventive 
program has come into the spotlight that integrates detailed skin 
analysis through skin care instruments, professional counseling, 
individualized care & treatment, and dietary habits & exercise 
lifestyle [6,7]. In case of Japanese women, Koyama et al. [8] 
reported that collagen peptide intake increased the absorption rate 
of water of stratum corneum. However, skin health-related 
domestic studies performed up to the present time are mostly 
about the influences of dietary habits and lifestyle on the skin 
[9-12]. Because problems related to skin health and skin 
condition can originate from the internal factors due to meals, 
it is necessary to study nutritional factors that affects skin 
condition. Thus, this study was performed to analyze the 
relationship between skin condition and antioxidant nutrition 
status and antioxidant activity through nutritional intake and 
biochemical analysis of the blood by skin type in female college 
students, and thus to utilize the study results as basic data in 
the skin care and health area. 
T h i s  r e s e a r c h  w a s  s u p p o r t e d  b y  g r a n t s  f r o m  S u n g s h i n  W o m e n ' s  U n i versity  research  of  2009-1-11-034/1.
§ Corresponding  Author:  Hong  Seok  Ahn,  Tel.  82-2-920-7204,  Fax.  82-2-926-1412,  Email.  hsahn@sungshin.ac.kr
Recived:  January  18,  2010,  Revised:  June  14,  2010,  Accepted:  June  14,  2010
ⓒ2010  The  Korean  Nutrition  Society  and  the  Korean  Society  of  Community  Nutrition
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) 
which  permits  unrestricted  non-commercial  use,  distribution,  and  reproduction  in  any  medium,  provided  the  original  work  is  properly  cited.216 Dietary intake and antioxidant status by skin type
Table 1. Anthropometric measurements of the subjects 
Dry 
(n = 7)
Mixed 
(n = 28)
Oily 
(n = 15)
Total 
(n = 50)
Age (yrs) 20.00 ± 0.00
1) 20.50 ± 1.44 20.87 ± 1.64 20.54 ± 1.43
Height (cm) 158.57 ± 3.95 159.36 ± 4.51 158.95 ± 4.35 159.13 ± 4.32
Weight (kg) 54.11 ± 4.08 54.74 ± 5.39 52.42 ± 7.19 53.96 ± 5.82
BMI (kg/m
2) 20.60 ± 1.58 20.96 ± 1.94 20.13 ± 2.22 20.66 ± 1.98
Body fat mass (kg) 15.33 ± 2.40 16.81 ± 6.15 14.61 ± 3.05 15.94 ± 5.02
Percent body fat (%) 28.24 ± 3.02 28.48 ± 4.33 27.71 ± 2.86 28.21 ± 3.73
Waist-Hip ratio 0.80 ± 0.03 0.80 ± 0.04 0.80 ± 0.02 0.80 ± 0.03
Soft lean mass (kg) 36.14 ± 2.57 36.34 ± 2.69 35.20 ± 4.42 35.97 ± 3.26
1) Mean ± SD 
Subjects and Methods 
Subjects 
This study was performed from March to April of the 2009 
in 50 healthy female college students of S university located in 
Seoul, who were instructed for study contents and purposes and 
then signed for consent. For accurate measurements of skin 
condition, the degree of hydration and sebum content of the 
subjects were measured at constant temperature and humidity 
condition (room temperature: 18.0℃, humidity: 55.5%) after 2 
hours of stabilization period following the cleansing step. The 
hydration of the skin was measured and recorded by contacting 
the probe of Corneometer (MPA-580, Germany) on the skin 
surface of forehead, cheek, and chin. The subjects were divided 
into the following study groups based on the standards of 
sebumeter SM815 [13] considering both sebum content and 
hydration. Oily Skin was defined as over 70 μg/cm² of average 
sebum content in forehead, nose, cheek, and chin, and over 50 
AU of hydration in forehead, cheek, and chin; Dry skin was 
defined as less than 69 μg/cm² of average sebum content in 
forehead, nose, cheek, and chin, and less than 49 AU of hydration 
in forehead, cheek, and chin. Mixed skin was defined as the cases 
with sufficient hydration (over 50 AU) and lower sebum content 
(less than 69 μg/cm²) or the cases with sufficient sebum content 
(over 70 μg/cm²) and lower hydration (less than 49 AU).
Dietary intake 
Nutrient intakes of the subjects were obtained through the 
measurement of food intake by 24-hour recall method (1day) 
and analyzed by CAN-program. 
Anthropometric measurements & body composition 
The height and weight of the subjects were measured by 
automatic height/weight measurement system (G-TECH International 
: GL-150), and body fat mass, percent body fat, body mass index 
(BMI), soft lean mass, and waist/hip ratio(WHR) were measured 
by Inbody330 (BIA)/Biospace Co., Ltd. 
Biochemical measurements 
Serum analysis for selenium, manganese, copper, and zinc 
concentrations 
Fasting serum concentrations of Se, Mn, Cu and Zn were 
measured using pyrolytic coated THGA tube (L'vov Platform 
type) and Ar gas (99.99%) and analyzed by Perkin-Elmer's AAS 
4110ZL [14]. 
Serum antioxidant enzymes content 
The SOD activity was obtained, on the basis of the method 
of Floh, by measuring the degree of inhibition on the following 
reaction in which superoxide radical produced from xanthine by 
the action of xanthine oxidase reacts with I.N.T(2-[4-iodopheny]- 
3-[4-introphenol]-5phenyl-tetrazolium chloride) to form formazan 
dye (Cobas MIRA, Roche, Switzerland). GPx was analyzed by 
measuring the degree of reducing absorption of NADPH from 
340nm when glutathione is reduced by GR (Glutathione 
reductase) and NADPH using a UV method based on Pagila and 
Valentine method (Cobas MIRA. Roche, Switzerland). The 
catalase activity was measured by using a Bioxytech catalase-520 
Kit (OxisResearch, USA) and analyzed by UV 1700 spectropho-
tometer (Shimazdy, Japan). 
Serum MDA and TAS
MDA, a lipid peroxide, was measured using HP 8452A 
(Hewlett Packard America), and serum TAS was measured using 
a TAS Kit (RANDOX Laboratories Ltd., Ardmore, UK) and 
analyzed by Hitachi 7150. 
Statistical analysis
All data resulted from this study were statistically analyzed 
by using a SAS (Statistic Application System) Package and were 
presented as mean and standard deviation by skin type. Sebum 
and hydration groups were analyzed using Kruskal-Wallis Test 
among non-parametric statistics, and the relationship among 
sebum·hydration and body composition, biochemical data of the 
serum, and dietary intake was examined through Pearson's 
correlation analysis. 
Results 
Anthropometric measurements & body composition 
The study subjects were divided into groups by skin type (Dry 
Skin, Mixed Skin, Oily Skin) and measured for anthropometric 
data, which were not significantly different in all items (Table 
1). The dry skin group was 14% (n = 7) of all subjects, the mixed 
skin group was 56% (n = 28), and the oily skin group was 30% 
(n = 15). The average age of the subjects was 20.54 ± 1.43 years 
and the average height, weight and BMI was 159.13 ± 4.32, 53.96
± 5.82, and 20.66 ± 1.98, respectively. Body fat mass was 16.81
± 6.15 kg in the mixed skin group, which tended to be higher Hyun Sook Bae et al. 217
Table 2. Sebum and Hydration contents of skin surface of the subjects 
Dry (n = 7) Mixed (n = 28) Oily (n = 15) Total (n = 50)
Sebum  (μg/cm
2)
Forehead 42.9 ± 16.0
1) 72.0 ± 40.4 92.3 ± 46.5 74.0 ± 42.4
Cheek 22.1 ± 18.6 49.5 ± 81.0 85.1 ± 63.1 56.3 ± 72.4
Chin 32.0 ± 16.0 58.5 ± 48.9 71.6 ± 48.0 58.7 ± 46.4
T-zone 54.7 ± 29.3
a 90.4 ± 85.7
ab 145.9 ± 67.9
b 102.0 ± 80.4
Hydration (AU)
Forehead 33.5 ± 19.4 57.0 ± 17.1 67.5 ± 12.0 56.9 ± 19.0
Cheek 34.7 ± 6.8 49.4 ± 18.0 62.7 ± 9.8 51.4 ± 17.1
Chin 51.3 ± 6.8 54.3 ± 11.6 61.6 ± 10.8 56.1 ± 11.3
1) Mean ± SD 
a,b Different  letters  within  a  row  represent  statistically  significant  difference  by 
Kruskcal-Wallis  test. 
Table 3. Daily energy and nutrient intake of the subjects 
Dry (n = 7) Mixed (n = 28) Oily (n = 15) Total (n = 50)
Energy (kcal) 2,179.6 ± 644.1
1) 2,200.8 ± 463.5 2,162.6 ± 533.4 2,183.6 ± 507.7
Carbohydrate (g) 358.5 ± 110.7 390.8 ± 89.4 383.3 ± 93.4 382.7 ± 92.8
Protein (g) 86.9 ± 32.6 78.5 ± 27.7 79.5 ± 26.9 80.2 ± 27.7
Fat (g) 47.5 ± 16.4 36.8 ± 16.5 37.4 ± 16.7 38.8 ± 16.6
Cholesterol (mg) 292.7 ± 124.5 240.6 ± 160.9 240.9 ± 137.7 249.4 ± 145.3
SFA (g) 9.1 ± 3.9 7.6 ± 3.4 7.8 ± 3.4 7.9 ± 3.4
MUFA (g) 8.5 ± 4.1 6.7 ± 3.6 6.8 ± 3.4 7.1 ± 3.6
PUFA (g) 5.5 ± 2.9 4.3 ± 2.7 4.3 ± 2.2 4.5 ± 2.5
Fiber (g) 42.8 ± 22.0 34.1 ± 14.4 38.0 ± 20.2 36.9 ± 17.8
Ca (mg) 685.6 ± 287.8 618.4 ± 243.3 668.9 ± 251.4 647.7 ± 248.9
P (mg) 1,232.5 ± 465.9 1,131.9 ± 384.1 1,170.5 ± 404.1 1,162.4 ± 396.5
Fe (mg) 23.3 ± 10.7 19.6 ± 7.5 21.1 ± 9.4 20.7 ± 8.6
Na (mg) 3,118.4 ± 1,295.0 2,778.5 ± 1,124.5 2,838.6 ± 1,231.0 2,856.6 ± 1,167.8
K (mg) 3,524.5 ± 1,439.8 3,243.5 ± 1,113.8 3,445.1 ± 1,388.8 3,362.3 ± 1,245.3
Zn (mg) 19.4 ± 5.2 19.8 ± 6.7 15.8 ± 6.9 18.3 ± 6.7
Vit.A (μg RE) 1,268.2 ± 589.5 1,228.9 ± 790.9 1,250.8 ± 611.0 1,243.3 ± 684.4
Vit.E (mg α-TC) 41.4 ± 26.2 27.8 ± 17.5 33.2 ± 27.2 32.0 ± 22.8
Vit.B1 (mg) 1.6 ± 0.5 1.4 ± 0.4 1.5 ± 0.5 1.5 ± 0.4
Vit.B2 (mg) 1.8 ± 0.7 1.5 ± 0.6 1.6 ± 0.7 1.6 ± 0.7
Vit.B6 (mg) 2.2 ± 0.9 2.0 ± 0.5 2.0 ± 0.8 2.0 ± 0.7
Vit.C (mg) 186.9 ± 108.3 186.6 ± 107.8 190.7 ± 112.5 188.2 ± 106.9
Folate (μg) 328.8 ± 143.4 284.5 ± 98.5 317.6 ± 132.5 303.7 ± 117.7
1) Mean ± SD 
than 15.33 ± 2.40 in the dry skin group and 14.61 ± 3.05 in the 
oily skin group. 
Sebum content and hydration by skin type 
The sebum content of each skin surface area by skin type is 
shown in Table 2. The average sebum content in each group 
was in the order of T-zone > forehead > chin > cheek. In case of 
the T-zone, a significant difference between the dry skin group 
and the oily skin group was observed, suggesting that the area 
is most sensitive to sebum content by skin type. 
Dietary intake 
As shown in Table 3, the average calorie intake of all subjects 
was 2,183.6 ± 507.7 kcal, which was about 104% of EAR of 
the KDRIs (2005) [15], and no significant difference was 
observed among groups. Fat intake in the dry skin group was 
47.5 ± 16.4 g, which was higher than 36.8 ± 16.5 g in the mixed 
skin group and 37.4 ± 16.7 g in the oily skin group. The average 
protein intake of all subjects was 180% of the KDRIs (2005), 
and that of the dry skin group was 86.9 ± 32.6 g, which was 
rather higher than 78.5 ± 27.7 g in the mixed skin group and 
79.5 ± 26.9 g in the oily skin group. Cholesterol intake was 292.7
± 124.5 mg in the dry skin group, which tended to be higher 
than 240.6 ± 160.9 mg in the mixed skin group and 240.9 ± 137.7 
mg in the oily skin group. The intake of saturated fatty acid 
and monounsaturated fatty acid was 9.1 ± 3.9 g and 8.5 ± 4.1 g, 
respectively, in the dry skin group, which tended to be higher 
than those in the mixed skin group and the oily skin group. The 
fiber intake was 150% of the KDRIs (2005), and significant 
differences were not observed among groups. The intakes of 
several vitamins were in the range of 130∼180% of the KDRIs 
(2005), and the dry skin group showed rather higher intakes in 
vitamins except vitamin C than the mixed and oily skin groups, 
and significant differences were not observed among groups. The 
nutrients showing lower intake levels than the standards of the 
KDRIs (2005) were calcium (92.5%), potassium (71.5%), and 
folate (75.9%). 218 Dietary intake and antioxidant status by skin type
Table 4. Serum levels of antioxidant minerals of the subjects 
D r y  ( n=7 ) M i x e d  ( n=2 8 ) O i l y  ( n=1 5 ) T o t a l  ( n=5 0 )
Cu (μg/dL) 82.29 ± 7.30
1) 82.82 ± 11.04 80.73 ± 11.92 82.12 ± 10.73
Mn (μg/dL) 1.19 ± 0.91 0.86 ± 0.52 1.01 ± 0.37 0.95 ± 0.55
Zn (μg/dL) 74.29 ± 6.58 74.14 ± 8.00 69.80 ± 8.70 72.86 ± 8.14
Selenium 
(μg/dL)
119.71 ± 13.71 115.32 ± 11.41 114.80 ± 7.67 115.78 ± 10.69
1) Mean ± SD 
Table 5. Serum levels of antioxidant enzyme and MDA of the subjects 
D r y  ( n=7 ) M i x e d  ( n=2 8 ) O i l y  ( n=1 5 ) T o t a l  ( n=5 0 )
Catalase 
(kU/L)
49.40 ± 35.20
1)a 45.44 ± 36.27
a 63.00 ± 39.48
b 50.96 ± 40.02
GPx (nmol/ 
min/mL)
177.01 ± 53.22 178.80 ± 62.49 172.32 ± 67.06 176.61 ± 61.58
SOD (U/mL) 1.57 ± 0.56 1.65 ± 0.73 1.87 ± 0.63 1.71 ± 0.68
Total 
Antioxidant 
(mmol/L)
1.98 ± 0.07 2.00 ± 0.10 1.94 ± 0.08 1.98 ± 0.09
MDA 
(μmol/L)
1.55 ± 0.23
a 1.76 ± 0.63
b 1.47 ± 0.59
a 1.64 ± 0.58
1) Mean ± SD 
a,b Means  statistically  significant  difference  at  P < 0.05 
Table 6. Correlation coefficient between hydration and daily energy and nutrient
intake of the subjects 
Hydration
Forehead Cheek Chin Total
Energy (kcal) 0.035 -0.093 -0.222 -0.046
Carbohydrate (g) 0.193 0.086 -0.12 0.126
Protein (g) -0.078 -0.192 -0.264 -0.166
Fat (g) -0.212 -0.17 -0.214 -0.226
Cholesterol (mg) -0.241 -0.167 -0.295 -0.233
SFA (g) -0.176 -0.192 -0.276 -0.224
MUFA (g) -0.157 -0.157 -0.243 -0.174
PUFA (g) -0.148 0.173 -0.195 -0.196
Fiber (g) 0.036 -0.102 -0.158 -0.111
Ca (mg) -0.074 -0.106 -0.214 -0.131
P (mg) -0.055 -0.127 -0.259 -0.13
Fe (mg) -0.059 -0.129 -0.217 -0.135
Na (mg) -0.156 -0.128 -0.176 0.119
K (mg) 0.005 -0.048 -0.158 -0.043
Zn (mg) -0.178 -0.411** -0.26 -0.308*
Vit.A (μg RE) -0.124 -0.11 -0.296 -0.159
Vit.E (mg α-TC) -0.111 -0.138 -0.209 -0.187
Vit.B1 (mg) -0.045 -0.065 -0.253 -0.09
Vit.B2 (mg) -0.147 -0.145 -0.265 -0.196
Vit.B6 (mg) -0.1 -0.117 -0.259 -0.131
Vit.C (mg) 0.108 0.126 -0.023 0.118
Folate (μg) 0.015 -0.019 -0.187 -0.016
*
,** Significantly different at P<0.05, P<0.001 by Spearman's correlation, respectively
Table 7. Correlation coefficient between sebum contents and level of serum 
antioxidant minerals and antioxidant enzyme and MDA 
Sebum
Forehead Cheek Chin T-zone Total
Cu (μg/dL) 0.041 -0.003 -0.093 0.093 0.059
Mn (μg/dL) 0.136 0.065 0.050 0.079 0.121
Zn (μg/dL) -0.094 0.189 -0.154 -0.062 0.010
Selenium (μg/dL) -0.165 0.031 0.076 -0.155 -0.124
Catalase (kU/L) 0.359 0.159 0.231 0.311 0.317
GPx (nmol/min/mL) -0.192 -0.292* -0.026 -0.164 -0.213
SOD (U/mL) 0.149 0.006 0.114 0.099 0.114
Total Antioxidant (mmol/L) -0.107 -0.270 0.002 0.032 -0.102
MDA (μmol/L) -0.012 -0.089 -0.006 0.053 0.050
* Significantly  different  at  P < 0.05  by  Spearman's  correlation 
Serum analysis 
1) Serum copper, manganese, zinc, and selenium concentrations 
Serum levels of antioxidant minerals by skin type are shown 
in Table 4. The concentrations of antioxidant minerals such as 
copper, manganese, zinc and selenium were not significantly 
different among groups. Concentrations of copper, manganese, 
zinc, and selenium in the dry skin group were higher than those 
in the oily skin group. 
Serum antioxidant enzymes and MDA content 
Serum antioxidant enzymes and MDA content by skin type 
are shown in Table 5. Antioxidant enzymes such as SOD and 
GPx, and the total antioxidant status (TAS) were not significantly 
different among study groups. The catalase level was 49.40 ±
35.20 kU/L in the dry skin group, which was significantly lower 
than 63.00 ± 39.48 kU/L in the oily skin group (P< 0.05). SOD 
was 1.57 ± 0.57 U/mL in the dry skin group, which was higher 
than 1.87 ± 0.63 U/mL in the oily skin group. The concentration 
of malondialdehydes (MDA), a product of peroxidation showing 
the degree of serum lipid peroxidation due to oxidative stress, 
was 1.76 ± 0.63 μmol/L in the mixed skin group, which was 
significantly higher than 1.55 ± 0.23 μmol/L in the dry skin group 
and 1.47 ± 0.59 μmol/L in the oily skin group (P <0 . 0 5 ) .  
Correlations among sebum․hydration content on the facial skin, 
dietary intake, antioxidant minerals, antioxidant enzymes and 
MDA 
The correlation analysis between the hydration content of facial 
areas and dietary intake is shown in Table 6. 
A significant negative correlation was observed only in the 
hydration of the cheek and zinc intake (r = -0.411, P< 0.01). As 
shown in Table 7, in case of correlations among sebum content 
in the facial area and serum antioxidant minerals and antioxidant 
enzymes, a significant negative correlation was observed in the 
antioxidant enzyme GPx and the sebum content of the cheek 
(r = -0.292, P < 0.05). The correlations among the hydration in 
the facial area and serum antioxidant minerals and antioxidant 
enzymes are shown in Table 8. The hydration of the forehead 
was negatively correlated with serum copper significantly (r =
-0.307,  P < 0.05), and positively correlated with GPx 
significantly (r = 0.367, P < 0.01). The hydration of the cheek Hyun Sook Bae et al. 219
Table 8. Correlation coefficient between hydration contents and level of serum
antioxidant minerals and antioxidant enzyme and MDA 
Hydration
Forehead Cheek Chin Total
Cu (μg/dL) -0.307* -0.256 -0.231 -0.333*
Mn (μg/dL) -0.093 -0.107 -0.061 -0.098
Zn (μg/dL) -0.176 -0.435** -0.264 -0.347*
Selenium (μg/dL) -0.14 -0.067 -0.065 -0.129
Catalase (kU/L) 0.021 -0.252 -0.149 -0.151
GPx (nmol/min/mL) 0.367** 0.112 0.252 0.27
SOD (U/mL) 0.176 -0.038 0.333* 0.151
Total Antioxidant (mmol/L) -0.188 -0.213 -0.178 -0.238
MDA (μmol/L) -0.076 -0.178 -0.184 -0.152
*
,** Significantly different at P<0.05, P<0.001 by Spearman's correlation, respectively 
and serum zinc showed a significant negative correlation (r =
-0.435, P< 0.01), and the hydration of the chin and serum SOD 
showed a significant positive correlation (r = 0.333, P < 0.05). 
Discussion 
This study was performed to investigate the antioxidant 
nutrition status by skin type through nutritional intake and serum 
analysis of antioxidant minerals and antioxidant enzymes by skin 
type in female college students. The dry skin group was 14% 
of all of 50 subjects, the mixed skin group was 56%, and the 
oily skin group was 30%. Compared to the study of Hong [12] 
(dry; 30%, normal; 50%, oily; 20%), the distribution of the dry 
skin group in this study was low and that of the oily skin group 
was rather high, and that of the mixed skin group was similar. 
The average age of the subjects was 20.5 ± 1.4 years, and the 
average BMI was 20.7 ± 2.0 kg/m
2, which was slightly lower 
than the average value for adults over 20s, 22 kg/m
2, presented 
by the KNS in 2005. Percent of body fat, WHR and soft lean 
mass were not significantly different by skin type. However, body 
fat mass in the mixed skin group was 16.8 ± 6.2 kg, which was 
higher than 15.3 ± 2.4 kg and 14.6 ± 3.1 kg in the dry skin group 
and the oily skin group, respectively, and slightly different from 
the result reported by Choi [15] in which higher BMI and body 
fat mass were observed in the oily skin group. When dividing 
the skin type by considering both hydration and sebum content, 
the difference in the sebum content was significantly observed 
in the T-zone between the dry skin group and oily skin group. 
Thus it is considered that the T-zone can represent the sebum 
content of the skin when measuring the sebum content only in 
particular areas. The average daily energy intake of the subjects 
was 2183.6 ± 507.7 kcal, which was about 104% of the 
recommended 2,100 kcal of the KDRIs (2005) [16] and no 
significant difference was observed among groups. Fat, 
cholesterol, saturated, and mono unsaturated fatty acid intake in 
the dry skin group was tended to be higher than in the mixed 
skin group and in the oily skin group. Park et al. [17] in the 
study for women in Gwangju region, reported that the fat intake 
was slightly lower in the oily skin group compared to the dry 
skin group. This suggests that individuals with dry skin might 
intentionally increase their fat intake. Cosgrove et al. [18] 
observed that higher intakes of linoleic acid were associated with 
better skin-aging appearance. The human skin is the most active 
organ among all tissues in the body and maintains the epidermal 
homeostasis by continuously forming new epidermal cells and 
repeating differentiation and exfoliation [19]. In particular, the 
lipid biosynthesis of the epidermis is the critical process of 
forming the skin barrier [20], and thus the importance of desirable 
fat intake has been emphasized as a fundamental way of 
managing dry skin. The CPF (Carbohydrate : Protein : Fat) ratio 
was 65 : 16 : 19, which is in the recommended range for adults 
over 20 years, 55∼77 : 7∼20 : 15∼25. The fiber intake was 
148% of the KDRIs(2005) [16] showing sufficient intake for 
dietary fiber. In case of zinc, the intake exceeded the 
recommended level in all three groups. The excessive intake of 
zinc interferes with the absorption of copper, possibly leading 
to copper deficiency and decreased HDL-cholesterol level, 
delayed would healing, skin dryness, and alopecia, and thus 
careful intake is needed [21]. The intakes of several vitamins 
were in the range of 130∼180% of the recommended KDRIs 
(2005) [16], and the dry skin group showed rather higher intakes 
in vitamins except vitamin C than the mixed and oily skin groups, 
and significant differences were not observed among groups. The 
nutrients showing lower intake levels than recommended by the 
KDRIs (2005) were calcium (93%), potassium (72%), and folate 
(76%). In case of serum antioxidant enzymes, only the catalase 
content showed significant difference, with significantly higher 
content in the oily skin group than in the dry skin group and 
mixed skin groups (P < 0.05). SOD was 1.87 ± 0.63 U/mL in 
the oily skin group, which was higher than 1.57 ± 0.56 U/mL 
in the dry skin group. Superoxide anion (O²
-) is generated during 
the oxidative phosphorylation of the cell, particularly in large 
amounts during the lipid peroxidation, which damages the cell 
membrane [22]. Also, it has been reported that superoxide anion 
is activated to an uncoupling protein to increase the proton 
permeability, which is undesirable to cell metabolism [23]. There 
is a two-step mechanism in the body to eliminate superoxide 
anions. The first step involves SOD, in which O2
- is converted 
to H2O2, and catalase metabolizes H2O2 into H2O, in the 
antioxidant action. Thus, in relation to the result of this study 
that catalase and SOD contents were higher in the oily skin group 
with sufficient hydration and sebum contents, it is considered 
that the regulation of internal antioxidant defense mechanism can 
influence the health of the skin. Catalase is particularly decreased 
in the aging skin and thus presented as an antioxidant enzyme 
that has an important role in the skin aging process [24]. The 
concentration of malondialdehydes (MDA), a product of 
peroxidation showing the degree of serum lipid peroxidation due 
to oxidative stress, was 1.76 ± 0.63 μmol/L in the mixed skin 
group, which was significantly higher than 1.55 ± 0.23 μmol/L 220 Dietary intake and antioxidant status by skin type
in the dry skin group and 1.47 ± 0.59 μmol/L in the oily skin 
group (P < 0.05). This is similar to the result reported by Bae 
[25] in which the average MDA concentration of women in 20s 
resided in Seoul was 1.63 ± 0.59 μmol/L, and also similar to the 
result by Han [26] in which the MDA concentration in the mixed 
skin was higher then those in the dry skin group and oily skin 
group. Dry skin is also known as xerosis, which appears as the 
moisture content in the stratum corneum is decreased, and if 
getting worse, the skin becomes weak and vulnerable to infection. 
The stratum corneum contains 10∼20% of water from natural 
moisturizing factors, and if the moisture level becomes below 
10%, the corneous tissue becomes thick and the skin texture 
becomes rough, and the aging accelerates. The extracellular lipids 
of the stratum corneum function as a water protection film, of 
which ceramide is over 40%, fatty acids is about 25%, and 
cholesterol is about 20%. Thus it has been known that if these 
three compositions change, then the function of protective film 
can be defected [27]. For possible influence of the difference 
in nutritional intake and dietary habit on the skin health, the 
correlation analysis between the hydration content of facial areas 
and dietary intake showed that a negative correlation was 
observed in the hydration of the cheek and zinc intake (r = -0.411, 
P < 0.01). Kim et al. [28] reported that skin evenness had 
negative correlations with zinc intake. Zinc has been known to 
protect the thiol group in the skin cell and thus to protect the 
skin cell membrane from oxidative damage by UV light, but 
excessive zinc intake for skin protection is not desirable for skin 
moisturizing. The correlation analysis among sebum content, 
serum antioxidant minerals and antioxidant enzymes, and MDA 
showed that a significant negative correlation was observed in 
the antioxidant enzyme GPx and the sebum content of the cheek 
(r = -0.292, P< 0.05). Sebum content of the cheek was decreased 
when serum GPx was high, and it is thus considered that lipid 
oxidation in the skin can be possibly prevented through 
complementary action with moisture. By combining the results 
that the hydration of the forehead and serum copper showed a 
significant negative correlation and the hydration of the cheek 
and serum zinc showed a significant negative correlation, and 
the results that the hydration of the forehead and GPx showed 
a significant positive correlation and the hydration of the chin 
and serum SOD also showed a significant positive correlation, 
it is thought that the activity of antioxidant enzymes rather than 
the serum mineral concentrations has positive influence on the 
hydration content of the fracial area. Therefore, if antioxidant 
enzymes such as GPx and SOD are used in cosmetics or 
functional foods, it can be possibly delay or prevent skin aging 
by maintaining the moisture level of the face. Skin health status 
appears to be affected by the interaction of the number of 
nutrients, not by single nutrient. By considering that the key 
concept of the quality of life recently is to provide sufficient 
nutrition from inside and outside the body to maintain skin health 
and beauty, it should be noted that the functions of nutrients 
as nutricosmeceuticals are being expanded. This study has a 
limitation in which the results came from a small number of 
subjects, and 1-day food intake record. Thus it is necessary to 
perform a large-scale study with lots of participants in the future 
to figure out the antioxidant defensive system of the skin that 
is possibly regulated by dietary changes.
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